A syndrome consisting of obesity, somnolence, cyanosis, periodic breathing, and polycythemia, with congestive heart failure has been observed in 6 patients. The effect of weight reduction and the mechanisms responsible for the symptoms and signs are discussed. SIX obese patients have been observed during the past 3 years, with remarkably similar symptoms and findings. These consisted of somnolence, cyanosis, periodic breathing, polycythemia, rightward electric axis by electrocardiogram, and the clinical picture of congestive heart failure. The syndrome appears to be related to obesity and may be reversed by weight reduction. The present report outlines the features of the syndrome and offers a tentativ.e explanation of its production. 
symptoms began, she weighed 325 poundls. About 11 months prior to admission the patient was placed on a low-salt diet by her local physician with relief of dyspnea, orthopnea, and ankle edema. This improvement continued until about 3 months before admission, when symptoms recurred. At and nails. Rales at both lung bases, cardiomegaly, ascites, and moderate pitting edema of both legs were observed.
The red blood count was 6.75 million, the hemoglobin 19.0 Gm. and the hematocrit 61 volumes per cent. The white blood count was 8,800 with a normal differential count. The number of platelets on a stained smear was not increased. Urine examination revealed a specific gravity of 1.013, a trace of protein, and no sugar. A fasting blood sugar was 109 mg. and the blood cholesterol was 110 mg. per 100 ml. The basal metabolic rate was plus 36 per cent by the usual weight-height standards. An electrocardiogram revealed right axis deviation and T-mwave abnormalities that were of uncertain significance ( fig. 1 ).
The patient received (ligitoxin, mercurial diuretics, and a low-salt 800-calorie diet. Improvement in symptoms was plrompt. Blood pressure fell to normotensive levels on the second hospital day, and remained there during the entire hospitalization.
Inhalations of 100 per cent oxygen produced a reversal of her cyanosis to a normal pink color. As the patient lost edema fluid and w-eight, the red blood count, hemoglobin level, and hematocrit level gradually rose. One liter of blood was withdrawn during the latter part of her hospital stay.
She lost 66 pounds of weight in 20 (lays and wras remarkably, implroved symptomatically.
After discharge the patient was occasionally seen in the outpatient department. Her weight gradually fell to 208 pounds in AMarch 1952. At this time her hemoglobin level was 13.5 Gm. and the hematocrit value was 46 volumes per cent. She was symptom free, and digitalis was discontinued.
During the next 112 years she again began to gain weight and was readmitted to Duke Hospital on August 21, 1953, at her own request for more intensive (lietarv restriction. At this time she weighed 234 poun(ls. There were no symptoms of congestive heart failure. Blood pressure w-as 120/85 mm. Hg. The lungs were normal, and there was no cardiomegalv. Hemoglobin level was 14.0 Gm., red blood count was 4.6 million, and the hematocrit reading was 45 volumes per cent. White blood count was 6,600. Urine examination revealed a specific gravity REVERSIBLE CARDIOPULMONARY SYNDROME WITH EXTREME OBESITY was negative, and gastrointestinal series showed only indirect evidence of a duodenal ulcer. Urinary 17-ketosteroid and gonadotropin excretions were within normal limits. The patient had no recurrence of chest pain, and serial electrocardiograms revealed no evidence of myocardial infaret. After 2 weeks on an 800-calorie reduction diet, he was discharged. He had lost only 5 to 6 pounds, and had improved only in that he was less somnolent. When seen 2 weeks later, he had failed to lose weight, and has since failed to return for follow-up.
Case 6 Physical examination was essentially unchanged except that the patient was obviously more obese. The admission hemoglobin was 12.0 Gm. per 100 ml., and urinalysis showed 1-to 2-plus proteinuria and no sugar. The fasting blood sugar was 108 mg., and the blood cholesterol 85 mg. per 100 ml.
Other laboratory values were a blood carbon dioxide combining power of 32 mEq., a serum sodium of 148 mEq., and a serum potassium of 4.5 mEq. per L. Radioactive iodine uptake was 18 per cent. Skull x-rays were again negative and chest x-ray was not possible. The electrocardiogram showed no axis deviation, atrial flutter, and nonspecific T-wave changes. An initial stool specimenwas guaiac positive, which was thought to be related to bleeding hemorrhoids. A later stool revealed no occult blood.
The patient was placed on an 800-calorie lowsodium diet and after 1 week was digitalized with 1.2 mg. of digitoxin and maintained on 0.1 mg. of digitoxin daily. In 2 weeks the patient had lost 44 pounds and showed moderate symptomatic improvement, but continued to be somnolent with marked periodic breathing during sleep. At this time the patient was given 10 mg. of dextroamphetamine (Dexedrine) daily to decrease his somnolence, and started on active program of exercise by the physiotherapy department. Four weeks later he had lost 94 pounds, was no longer drowsy or orthopneic, and had less exertional dyspnea. Ten weeks after the above program was instituted the patient had lost 143 pounds, weighing 455 pounds. After discharge the patient did not follow the diet, and the progressive decline in weight observed in the hospital did not continue. He remained markedly improved, however, and found employment as a ditch digger and plasterer. During this time he complained of moderate ankle edema, but no exertional dyspnea, orthopnea, or somnolence. Olsen and Wilius3 reported a male patient with extreme obesity, congestive failure, marked dyspnea, cyanosis, and polycythemia.
REVIEW
The electrocardiogram revealed marked right axis deviation. With weight reduction from 302 to 277 pounds, diuresis, and 3 venesections, he was greatly improved symptomatically. The illness was thought to be related to pulmonary arteriolar sclerosis (Ayerza's disease) and hypertensive vascular disease, though the blood pressure ranged from 94/74 to 145/92 during the period of observation.
Cutting4 has emphasized the frequent coexistence of obesity and narcolepsy suggesting that both might be of hypothalamic origin.
Polycythemia is also pointed out as a frequent finding in narcolepsy. Three cases were cited.
Auchincloss, Cook, and Renzetti5' 6 have reported a markedly obese patient with cyanosis, polycythemia, and heart failure in whom detailed pulmonary function studies and cardiac catheterization were carried out. The markedly reduced arterial oxygen saturation (30 per cent) and the carbon dioxide retention seen in this patient were thought to be caused by alveolar hypoventilation. The pulmonary arterial pressure was elevated (95/50).
Weil and Prasad7' 8have reported 5 markedly obese patients with marked polycythemia, in 3 of whom the polycythemia was reversed by weight reduction alone. These patients were found to have a decreased vital capacity, a decreased arterial oxygen saturation, and an elevated serum carbon dioxide content. 1Polycy-themia was thought to be a result of hypoxia resulting from poor ventilation.
Johnson, Lillehei, and Miller9 have studied 2 patients with extreme obesity, arterial oxygen unsaturation, and carbon dioxide retention.
These patients demonstrated profound alterations in pulmonary ventilation and blood flow, particularly in the supine position. In this position there was a rise in intrathoracic pressure and a decrease in total lung volume and func-tional residual capacity. The effective diffusing capacity of the lung was decreased, and the work of breathing greatly increased in the supine position. Other studies suggested the appearance of a true right-to-left shunt in the supine position. All these alterations were thought to be entirely related to obesity.
Benaim and Worster-Drought'0 have reported an individual with dystrophia myotonica of the diaphragm, with pulmonary hypoventilation and secondary polycythemia. This individual was also obese. Other cases fitting the syndrome have been reported by Burwell' and Counihan.12 DISCUSSION The similarity of the 6 patients reported here and those cited suggests that the occurrence of somnolence, cyanosis, polycythemia, and congestive heart failure in conjunction with severe obesity is not a mere chance relationship but a true syndrome (fig. 4) . The degree of obesity necessary for the development of the syndrome is not well defined. Several patients were obviously obese but at least 2 of the group were only obese when considered in relation to their height. Case 5, though complicated by possible arteriosclerotic heart disease, illustrates this point. In these individuals the excess weight was mainly confined to a large protuberant abdomen. It should be noted that most of the patients had gained large amounts of weight in the 6 to 12 months prior to onset of symptoms.
All were somnolent, and during sleep had a type of Cheyne-Stokes breathing. This type of breathing differed from the usual CheyneStokes breathing seen in heart failure in that the periods of apnea and hyperpnea were shorter than usual, being 10 to 20 seconds in duration. All had evidence of hypoventilation during sleep, and in those patients in whom measurements were several deep breaths or by inhalation of 100 per cent oxygen. Detailed data from cardiac and pulmonary function studies on these and other obese patients will be presented elsewhere. '3 Polycythemia occurred frequently, but was not always pronounced. One patient (S. W.) was anemic, which may have been the result of hemorrhoidal bleeding. A rightward electric axis was common but not always observed. On the other hand, none of the patients had left axis deviation or horizontal electric axis as would be expected in an obese patient. Not all of the patients had clinical evidence of congestive heart failure. The presence or absence of failure may be related to the stage of the illness and the presence of other unknown factors. Furthermore, the clinical impression of congestive heart failure was difficult to evaluate because dyspnea, orthopnea, and ankle edema could be related to the obesity.
Additional laboratory studies indicated that the syndrome observed was not related to a recognizable endocrinopathy such as Cushing's syndrome. It is of interest that the patients had a high oxygen consumption and a low blood cholesterol.
The correction of the findings with weight reduction in 5 of the 6 patients suggests that obesity is the primary etiologic factor. The dietary restriction used in these patients caused a rapid decrease in weight except for case 5, who failed to lose significant weight during the period of observation. In 5 of the 6 patients, digitalization was carried out and mercurial diuretics were used at the same time that weight reduction was begun. In case 4, the symptoms were reversed by weight reduction A alone, and in case 1 and 2, the symptoms have failed to recur after omission of digitalis and diuretics. For this reason weight reduction is considered to be the most important factor in treatment. The reversibility of the signs and symptoms of heart failure with weight loss is believed to be of significance in that it adds another to the list of reversible disorders causing congestive heart failure.
The signs and symptoms of congestive failure, when present, responded quickly to digitalis, diuretics, and salt restriction. Somnolence, Cheyne-Stokes respirations, and intermittent hypoxia persisted, however, disappearing only as weight loss progressed. In an attempt to reverse these latter findings more quickly, amphetamine was used in conjunction with diet in case 6, and was found to be effective in markedly reducing the degree of somnolence, the occurrence of Cheyne-Stokes breathing, and the hypoxia.
The exact relationship between obesity and the various features of the syndrome remains largely speculative. The somnolence and the Cheyne-Stokes respirations are presumed to be of central origin, yet the mechanism of their production remains unknown. They have been observed to disappear with weight reduction; therefore they are assumed to be related to the obesity. The question may be raised of the role of cerebral anoxia or hypercapnia in their production, yet other patients, i.e., those with congenital heart disease and chronic lung disease, have similar changes in blood gases without such symptoms.
The somnolence and Cheyne-Stokes respirations result in periodic hypoventilation, which is especially marked in sleep. Associated with these periods of hypoventilation there are remarkable drops in arterial oxygen saturation. The mechanism of the rapid fall in arterial oxygen saturation seems reasonably well established from studies of pulmonary function in these and other obese subjects.?3 They have been found to have a striking reduction in expiratory reserve, especially with recumbency.
Thus there is a smaller "reserve" of oxygen at the end of a normal expiration. At the same time the total consumption of oxygen in such obese subjects is very large. These features combine to produce a rapid fall in arterial oxygen saturation with breath holding or with the apneic phase of Cheyne-Stokes respiration.
The polycythemia seen in 4 of the 6 patients in this group is thought to be related to prolonged arterial oxygen unsaturation. The chief feature distinguishing it from polycythemia vera is its reversibility with weight reduction.
The mechanism of the heart failure and indeed its nature are obscure. Borderline hypertension has been seen in several subjects, but is thought to be due largely to the error of indirect blood pressure measurement in the obese individual. The roentgenograms of the chest were most often described as showing left ventricular enlargement or generalized cardiac enlargement. The electrocardiograms, though showing right axis deviation on standard and unipolar limb leads, show a posterior orientation of the QRS vector in space, rather than the anterior orientation usually seen in right ventricular hypertrophy. The electrocardiographic findings and the manner of their reversal are suggestive of the verticalization of the electric field seen with pulmonary emphysema, which is perhaps a distortion of the electric field as a result of the presence of poorly conducting, overdistended lungs. Obesity could conceivably produce similar changes as a result of the presence of epicardial fat, yet it is difficult to see why the change to a right axis is not seen more commonly in obese subjects if this is the case. At the present time, the electrocardiographic changes are considered to be secondary to changes in the heart, not to a recording artifact secondary to obesity. It seems more likely that the changes are a result of increased pressure on the right side of the heart or an increased relative size of the right side of the heart. Cardiac catheterization is carried out with great difficulty in such patients because of their huge size and the resultant difficulty in visualization of the catheter during the procedure. In those that have been done, pulmonary arterial pressures have been moderately elevated. These patients show considerable variability of pulmonary arterial pressure during a single study. This has not been correlated with changes in arterial oxygen saturation, but is perhaps related to periodic anoxia. The authors have had no opportunities for postmortem study of such cases. As previously stated, in the only known case in which the heart has been examined post mortem, right ventricular hypertrophy was present.
On the basis of present information it is postulated that the hypoventilation associated with periodic breathing especially during sleep, leads to hypercapnia and hypoxia, and that these in turn contribute to the development of polycythemia, pulmonary hypertension, rightsided cardiac enlargement, and ultimately to heart failure. Additional studies are needed to prove many of the steps in the above postulation.
SUMMARY
A syndrome consisting of somnolence, cyanosis, periodic breathing, polycythemia, right axis deviation, and the clinical picture of congestive heart failure has been seen in a group of markedly obese patients. The symptoms and findings appear to be related to obesity and were, in most instances, reversed by weight reduction. It is postulated that hypoventilation leads to hypercapnia and hypoxia, and that these contribute to the development of polycythemia, pulmonary hypertension, right-sided cardiac enlargement, and ultimately to heart failure. SUMMARIO 
